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Abstract - In grooving turning of super heat-resistant alloy Inconel 718 with a pressurized coolant supply, the effects of the 

coolant pressure on the cutting performance have not been reported. In this study, in grooving turning of Inconel 718 with a 

high-pressure coolant supply, the chip configurations and the tool wear were experimentally investigated. The following 

results were obtained: (1) The pressure coolant supply method improved the chip breakage performance. (2) In the case of 

low-pressure coolant supply cutting, the mass per chip increased with increasing cutting speed. However, in the case of high-

pressure coolant supply cutting, there was no difference in mass per chip even if the cutting speed was increased.(3) It seems 

that the bending of chips caused by high-pressure fluid has a large influence on chip breakage in high-pressure coolant 

cutting.(4) Comparing the cutting of the conventional coolant supply cutting with the cutting of the pressure coolant cutting, 

the tool wear with the pressure coolant supply was smaller than that with the conventional coolant supply.(5) Comparing the 

cutting of the low-pressure coolant supply with the cutting of the high-pressure coolant supply, the tool wear with the high-

pressure coolant supply was smaller than that with the low-pressure coolant supply. 
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I. INTRODUCTION 

 

Nickel-based alloys such as Inconel 718 are difficult 

to cut due to their outstanding mechanical properties 

[1].  

A major requirement of cutting tool materials used 

for machining nickel-based alloys is that they must 

possess adequate hot hardness to withstand elevated 

temperatures generated under high-speed conditions 

during machining. Most cutting tool materials lose 

their hardness at elevated temperatures resulting in 

weakening of the inter-particle bond strength and 

consequent acceleration of tool wear [2]. 

Therefore, in the cutting of a nickel based-alloy, due 

to the high cutting temperature and strong adhesion 

generated at the interface between the cutting tool and 

the chip, the wear of the tool becomes large. Thus, 

when cutting nickel-based alloys, a slower cutting 

rate is required than when cutting carbon steel. 

High-speed cutting is desirable to improve 

productivity, however in high-speed cutting the rise 

in cutting temperature is significant. In particular, 

when cutting  nickel-based alloys the cutting 

temperature rises rapidly, so the tool material must 

have both excellent wear resistance and heat 

resistance. Wet cutting is effective for cooling and 

cooling of tools. 

High-pressure coolant cutting is effective for 

lowering the cutting temperature and reducing the 

tool wear [3-6]. By supplying high-pressure coolant 

into the cutting edge, the cutting temperature 

decreases and the flank wear decreases [7].  

Furthermore, by supplying high-pressure coolant, the 

chip breakage performance is also improved [4-6]. 

Therefore, studies on high-pressure coolant cutting of 

difficult-to-cut materials such as titanium alloy [8-12] 

and Inconel [7, 13] has been carried out in addition to 

the above. 

However, in the grooving turning of nickel-based 

alloys with a high-pressure coolant supply the effects 

of the coolant pressure on the cutting performance 

have not been reported. 

In this study, in grooving turning of Inconel 718 with 

a pressure coolant supply, the chip configurations and 

the tool wear were experimentally investigated. 

 

II. EXPERIMENTAL PROCEDURES 

 

The work material used was super heat-resistant alloy 

Inconel 718, the chemical composition of which is 

shown in Table I. Table II shows the mechanical 

Properties of super heat-resistant alloy Inconel 718. 
 

 
Table.1 Chemical Composition of Super Heat-Resistant Alloy 

Inconel 718 (mass %) 

 
Tensile 

Strength 

[GPa] 

Elongation 

[％] 

Reduction of 

area 

[％] 

Hardness 

[HB] 

1.26 22 25 388 

Table.2 Mechanical Properties of Super Heat-Resistant Alloy 

Inconel 718 

 

Grooving turning tests were conducted on a universal 

lathe (Type SL-25, DMG MORI COMPANY 

LIMITED) by adding a variable-speed drive. The 

driving power of this lathe was 11/15 kW and the 

maximum rotational speed was 4200 min-1. 
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The high-pressure coolant unit used was 

HIPRECO185-20 (TOKUPI Corporation). The 

maximum pressure was 20 MPa and the maximum 

pump water suction was 45 L/min. The coolant used 

was a water-soluble coolant (YUSHIROKEN 

FGS650), and the coolant concentration dilution was 

10 % ± 3%. A conventional coolant supply system 

was used, namely the coolant was supplied from an 

external nozzle, and was a low-pressure coolant 

supply system. In the case of the low-pressure coolant 

supply system, the coolant pressure "P" was P=0.2 

MPa (low-pressure coolant cutting) and P=20 MPa 

(high-pressure coolant cutting). 

 

The grooving insert used was DGM3-020 (Tungaloy 

Corporation, groove width: 3 mm). Grooving insert 

“DGM” is the double-ended inserts for external 

grooving and parting off, two-corner type. The 

grooving insert was attached to the grooving turning 

tool holder CTEL2525-3T25-CHP (Tungaloy 

Corporation), which is an external grooving turning 

holder. The cutting material used was a PVD-coated 

cemented carbide, which is a commercially available 

insert. 

The pressurized coolant was directed via a nozzle on 

the tool holder and the coolant was injected at high 

pressure into the rake face by the nozzle, as shown in 

Fig. 1. Inconel 718 was cut by the external grooving 

turning method with a high-pressure coolant supply at 

a cutting speed “Vc” of 2.5, 3.0 and 3.5 m/s, and a 

feed rate “f” of 0.1 mm/rev. 

 

The tool wear was experimentally investigated. 

 

 
Figure 1: Method of injecting coolant. 

 

III. RESULTS AND DISCUSSION 

 

Figure 2 shows the chip configurations in grooving 

turning of Inconel 718 at a cutting speed of 3.0 m/s 

and a diameter of workpiece of 61.6 mm 

(conventional coolant supply and 69.6 mm 

(pressurized coolant supply). In the case of the 

conventional coolant supply cutting shown in Fig. (a), 

the chip is not broken short.  

On the other hand, in the case of the pressure coolant 

supply cutting, namely the low-pressure coolant 

supply cutting (coolant pressure: 0.2 MPa) and the 

high-pressure coolant supply cutting (coolant 

pressure: 20 MPa) shown in Fig. (b) and Fig. (c), the 

chip is broken short. From the above, it was found 

that the pressure coolant supply method is effective 

for improving the chip breakage performance. 

 
Figure 2: Chip configurations (Workpiece: Inconel 718, 

Cutting speed: 3.0 m/s, D: Diameter of workpiece, P: Coolant 

pressure). 

 

Figure 3 shows the influence of the cutting speed on 

the mass per chip in grooving turning with pressure 

coolant supply. In the case of the low-pressure 

coolant supply cutting (coolant pressure P=0.2 MPa), 

chips were broken at cutting speeds of 2.0-3.5 m/s. 

However, the mass per chip increases with the 

increase of the cutting speed. In the case of high-

pressure coolant supply cutting (coolant pressure 

P=20 MPa), the chips were briefly broken. In the case 

the cutting speed increases, there is no difference in 

mass per chip. 

 

Figure 4 shows the influence of the coolant pressure 

on the thickness of chip in grooving turning with 

pressure coolant supply. In the case of both the 

pressure coolant of 0.2 MPa and that of 20 MPa, the 

thickness of chip decreases with the increase of the 

cutting speed. The reasons are as follows. As the 

cutting speed increases, the shear angle increases and 

the thickness of the chip decreases.  

This trend is similar to that in normal cutting theory. 

On the other hand, in the case the coolant pressure is 

increased, the chip is broken short, however the 

thickness of chip does not differ much. Taking these 

findings into account, it is considered that the 
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increase of the coolant pressure does not significantly 

affect the shear angle. 

From the above, it seems that the bending of chips 

caused by high-pressure fluid has a large influence on 

chip breakage in high-pressure coolant cutting. 

 
Figure 3: Influence of cutting speed on mass per chip in 

grooving turning with pressure coolant supply (Workpiece: 

Inconel 718). 

 

 
Figure 4: Influence of coolant pressure on thickness of chip in 

grooving turning with pressure coolant supply (Workpiece: 

Inconel 718). 

 

Figure 5 shows the tool wear. Figures (i) and (ii) 

show the case of a cutting speed of 3.0 m/s and 3.5 

m/s, respectively. In this figure, "L" shows the cutting 

distance.  

 

Figure (i) shows the case of a cutting speed of 3.0 

m/s. In the case of the conventional coolant supply 

cutting at a cutting distance of 53.1 m, the fracture of 

the cutting part gets bigger at a cutting distance of 

106.2 m, as shown in area "A" surrounded by an 

ellipse. However, in the case of the high-pressure 

coolant supply cutting at a cutting distance of 177.0 

m shown in Fig. (b), although wear is observed 

slightly on both sides of the flank face, no major 

fractures are seen.  

 

The cutting speed is increased to 3.5 m/s and a 

cutting distance of 106.2 m as shown in Fig. (ii). In 

Fig. ii(a), the fracture of the cutting part on both sides 

of the flank face remarkably occurred in the case of 

the conventional coolant supply shown in area "B" 

surrounded by an ellipse. In the case of high-pressure 

coolant supply cutting, the fracture of the cutting part 

occurs on both sides of the flank face. 

 
Figure 5: Tool wear (P: Coolant pressure, Vc: Cutting speed, 

L: Cutting distance). 

 

The main tool failure of PVD-coated cemented 

carbide was considered to be flank wear, as shown in 

Fig. i(b) and Fig. ii(b).  

 

Therefore, the maximum values of the flank wear 

widths were measured with a laser scanning 

microscope. In the grooving insert, the flank face can 

be divided into three flanks, namely “Nl” (left side of 

the flank face), “C” (corner side of the flank face) and 

“Nr” (right side of the flank face), as shown in Fig. 

i(b). In this study, the maximum values of the flank 

wear widths “VBl,” “VB” and “VBr” were measured 
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on the flank faces “Nl,” “C” and “Nr,” respectively as 

shown in Fig. i (b), namely, “VBl” is the maximum 

value of the flank wear width on the left side of the 

flank face, “VB” is the maximum value of the flank 

wear width on the corner side of the flank face and 

“VBr” is the maximum value of the flank wear width 

on the right side of the flank face. 

The grooved turning of Inconel 718 was performed, 

and the wear progress was investigated. Figure 6 

shows the relation between the flank wear width and 

the cutting distance in grooving turning of Inconel 

718 with conventional coolant supply and high-

pressure coolant supply at a cutting speed of 3.0 m/s. 

In the case of the conventional coolant supply, the 

flank wear width at a cutting distance of 53 m is large 

because a large fracture of the cutting part occurs on 

the flank face and the rake face as shown in Fig. 5 (i) 

(a). 
 

 
Figure 6: Relation between flank wear width and cutting 

distance in grooving turning of Inconel 718 with conventional 

coolant supply and pressure coolant supply at a cutting speed 

of 3.0 m/s. 

 

On the other hand, in the case of a pressurized 

coolant of 0.2 MPa, the maximum value of the flank 

wear width, namely, VBl, VB and VBr, become large 

due to the occurrence of a large fracture of the cutting 

part on the flank surface and the rake face at a cutting 

distance of over 106.2 m. However, in the case of a 

pressurized coolant of 20 MPa, the three wear widths, 

that is, VBl, VB, and VBr become 0.1 mm or less at 

the cutting distance of 177.0 m. 
 

IV. CONCLUSION 

 
In this study, Inconel 718 was grooving turned with a 

pressurized coolant supplied, and the chip 

configurations and the tool wear were experimentally 

investigated. 

 

The following results were obtained: 

1. The pressure coolant supply method improved 

the chip breakage performance. 

2. In the case of low-pressure coolant supply 

cutting, the mass per chip increased with 

increasing cutting speed. However, in the case of 

high-pressure coolant supply cutting, there was 

no difference in the mass per chip even if the 

cutting speed was increased. 

3. It seemed that the bending of chips caused by 

high-pressure fluid has a large influence on chip 

breakage in high-pressure coolant cutting. 

4. Comparing the cutting of the conventional 

coolant supply cutting with the cutting of the 

pressure coolant cutting, the tool wear with the 

pressure coolant supply was smaller than that 

with the conventional coolant supply.  

5. Comparing the cutting of the low-pressure 

coolant supply with the cutting of the high-

pressure coolant supply, the tool wear with the 

high-pressure coolant supply was smaller than 

that with the low-pressure coolant supply. 
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